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FIG. 1. Inhihi tioii of reserpiiie cyelid closure in 
mice by prctreatnicnt. for 2 days with amphetamine 
or iniipraiiiinc. Cllallenge with reserpine (2.5 mg/ 

kg i.p.) on third day. 

Discussion. Pretreatment with imipra- 
mine, an “antidepressant”, or with ampheta- 
mine, a “stimulant”, for at least 2 consecutive 
days, followed by challenge with reserpine 
24 hours after the last drug treatment, pro- 
duced a differential antagonism to reserpine 
eyelid closure ; only imipramine produced ap- 
preciable antagonism. On the other hand, 
with single administration of the drugs fol- 
lowed by reserpine challenge one hour later, 
both amphetamine and imipramine were 
equally active, but higher doses of imipra- 
mine were required. These results indicate 
that the antagonism to reserpine eyelid clos- 

ure resulting from imipramine lasts longer 
than that from amphetamine. This differ- 
ence is similar to differences seen with these 
compounds in man; amphetamine is a shorter 
acting drug than imipramine.’ 

Summary. A differentiation of imipramine, 
an antidepressant drug, from amphetamine, 
a stimulant, in the antireserpine eyelid clos- 
ure test has been described; after adminis- 
tration for 2 days, and reserpine challenge on 
the third day, imipramine was considerably 
more active than amphetamine in antagoniz- 
ing eyelid closure in mice. 

Acknowledgement is made to Anne Gillen for sta- 
tistical evaluation of our data and to Geigy Pharma- 
ceuticals Company for a supply of imipramine. 
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* Possibly the difference of effects observed by us 
is indicative of a different mechanism of action. 
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Streptokinase Induced Lysinemethylesterase Activity of Human 
Euglobulin.” (27355) 

NORTON SPRITZ,+ AND DONALD J. CAMERON: (Introduced by E. H. Ahrens: Jr.) 
Second ( Cornell)  Medical Division, Belltvi(e Hospital, and Department of Medicine, 

Cornell University MPdical College 

When streptokinase (SK) reacts with hu- man plasma, or fractions which contain plas- 
minogen, several types of enzymatic activity 

action attributes each of these activities to 
the interaction between SK and the single 

* This study was supported in Part by grants from are produced. The present concept of SK u. s. Public Health Service, New York City Health 
Research Council, and Irwin Strasburger Memorial 
Medical Foundation. 
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separate substrates is produced in the same 
ratio as in less pure preparations; and specific 
inhibition procedures affect each activity si- 
milarly. Conflicting data indicating that pro- 
activator and arginine esterase activity result 
from the activation of separate materials 
have, however, been presented by Lassen( 6 ) .  

In the present study, SK-induced lysine- 
methylesterase activity of the euglobulin 
fraction of human plasma is determined in a 
large number of individuals. Components of 
the total activity thus produced are charac- 
terized by the effect of two inhibition pro- 
cedures. I t  is demonstrated that these com- 
ponents are present in a wide range of ratios 
to one another and are affected in a different 
manner by heating, suggesting that they re- 
sult from the activation of more than one pro- 
enzyme. 

Materials. Lysinemethylester ( L M E )  was 
obtained as the dihydrochloride from Nutri- 
tional Biochemicals Co., Cleveland, Ohio. A 
.05 M solution in .025 M potassium phos- 
phate pH 7 buffer in .024 N NaOH was pre- 
pared daily. 

Streptokinase ( S K )  Varidase, Lederle was 
utilized. An SK preparation free of ribo- 
nuclease gave identical results. 

Soy bean trypsin inhibitor (SBTI)  SX 
crystallized material was obtained from Nu- 
tritional Biochemicals Co. 

Methods. Obtaining of specimens. Blood 
specimens obtained from fasting subjects 
were placed into ice-enclosed tubes with po- 
tassium citrate or sodium versenate antico- 
agulant and maintained at  4°C. Euglobulin 
was prepared by the method of Kowalski (7) .  

Determination of esterase activity. The 
procedure employed is a modification of that 
described by Sherry(8). Three ml of LME 
solution were placed into each of 3 test tubes 
containing the euglobulin of 8.5 ml plasma. 
After the protein had been dissolved, the 3 
tubes were pooled, 0.5 ml of LME solution 
were added, and 3 ml of the resultant solution 
were placed into each of 3 tubes. To the first 
was added 0.5 ml of buffer, to the second 0.5 
ml of SK dissolved in buffer to give a final 
concentration in the reaction mixture of 286 
units/mnl, and to the third 0.5 ml of SK and 
SBTI dissolved in buffer to give a final con- 

centration of SK of 286 u/ml and of SBTI 
of 286 y/ml. After incubation at  37°C for 
60 minutes, 1.0 ml from each tube was added 
to 1.0 ml of distilled water and one drop of 
octyl alcohol. Titration to pH 5.2 was car- 
ried out with .05 N HCl by use of a micro- 
burette calibrated to .001 ml with continuous 
stirring by bubbling air. Total SK-induced 
esterase activity was determined as the micro- 
moles of acid added to the aliquot of the first 
tube less that added to the second. The ac- 
tivity resistant to SBTI was determined as 
the micromoles of acid added to the aliquot of 
the first less that added to the third. Dupli- 
cate determinations agreed within .02 micro- 
moles. Only esterase activity due to SK ac- 
tivation was measured. 

To determine the esterase activity ptrsist- 
ing after precipitation at  pH 2 in 2 M NaCl, 
the euglobulin of 0.5 ml of plasma was dis- 
solved in 1.0 ml glycerol, 0.5 ml of 0.7576 
casein, and 0.5 ml of SK 2000 u/ml phos- 
phate buffer. Glycerol was added to prevent 
autodigestion of the plasmin (9). Incubation 
for 3 minutes was terminated by addition of 
10 ml of 2 M NaCl in .01 N HCl. Casein 
was found to be necessary for development of 
adequate precipitate for quantitative recov- 
ery, but did not otherwise alter esterase ac- 
tivity. After the suspension had been thor- 
oughly mixed and permitted to stand for 10 
minutes, it was centrifuged and the superna- 
tant decanted. The precipitate was dissolved 
in 3.5 ml of LME in pH 7 phosphate buffer. 
At time 0, and after incubation at 37" for 60 
minutes, 1.0 ml was titrated to pH 5.2 as 
described above. 

Esterase activity was determined as the 
micromoles of acid added at  time 0 less that 
added to the 60-minute specimen. The activ- 
ity of a blank prepared by similarly treating 
a mixture of glycerol, casein and SK was sub- 
tracted. 

Results. Characteristics of the esterase ac- 
tivity. Fig. 1A indicates the first order reac- 
tion kinetics of the SK-induced esterase ac- 
tivity for up to 180 minutes utilizing varying 
amounts of human euglobulin. Fig. 1B indi- 
cates that the reaction rate is independent of 
SK concentration for a range from half to 
double that utilized. The validity of this 
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method for determining the activity of the 
SK-activated material which had been pre- 
cipitated at  pH 2 in 2 A1 NaC'l is indicated in  
Fig. 1C. Fig. ID indicates that the inhibition 
produced by SBTI was constant over a wide 

range of concentrations of that inhibitor. 
hdcnsurerrtent of SK-induced activity. To- 

tal SK-induced esterase activity of human 
euglobulin was measured in 70 subjects and 
ranged from 2.4 to 10.4 pmolesjhour. The 
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FIG. 1. Kinetics of SK-induced esterase reactions: A) Firs t  order reaction kinetics wcrc 
observed for up to 180 min. a t  one-half and clouhle the amount of euglobulin utilized in  the re- 
ported results. B) Reaction rate is independcnt of SK concentration for a range one-half to 
double that employed. Arrows iildicate time of iiic.ul);ition and SK coiicentration employed in 
the reported results. C ) 1,iilear rcB1:itioiisIiip Iwtn-cwi itmount of euglobuliii aiid estcrase activ- 
ity following activation by SK aiid prwipitatioti a t  pH 2 in 2 31 NaC1. D) Degree of inhibi- 
tion by SBTI iiidepeiident of coiicentrntioii froti1 doublc to half that utilized in this study. 

FIG. 2. Relationship between SBTI-sciisitiw activity aiid that resistant to precipitation at 
pH 2 in  2 M NaCl. The close correlation betwcii the fictirity with each of these characteristics 
is indicated in  70 euglobuliii spccimens. 

FIG. 3. Relatioilship betweii conlponctit. of tdtal SK-iiiducetl activity which is SBTI in- 
hibited and which persists aftcr prwipitatioii at pH '3 in 2 11 SaCl and that with the opposite 
characteristics. Tmk of corrc1:itioil Iwtwccw tlivsc 2 frnctioiis is indicntcd in 25 euglobnlin 
specimens. 

FIG. 4. Effect of heating a t  6OoC on SBTI-inhibited and resistant components of SK-in- 
duced esterase activity: The different pattern of inactivation of these 2 fractions by heating 
at 60°C fo r  up to 45 min. is iiidicated utilizing 3 spwimenn of englobulin. 
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close agreement between the activity inhib- 
ited by SBTI and that persisting after pre- 
cipitation at  pH 2 in 2 M NaCl in each of 
the specimens tested is indicated in Fig. 2.  
The ratio between the activity with these 
characteristics and that activity resistant to 
SBTI and inactivated by precipitation a t  
pH 2 in 2 M NaCl ranged from 0.5 to 3.0. 
The absence of correlation between these 
components of the total activity is evident 
from Fig. 3 .  

Eflect of heating at 60°C. Euglobulin 
specimens were dissolved in LME buffer so- 
lution. At time 0, and at intervals after in- 
cubation at 60*C specimens were removed 
and total SK-induced activity and that resis- 
tant to SBTI were measured. Fig. 4 demon- 
strates the difference in inactivation between 
the SBTI resistant and sensitive components 
in the euglobulin in 3 specimens. 

Discussion. Total SK-induced lysineme- 
thylesterase activity of human euglobulin has 
been shown to consist of 2 components, one 
of which is inhibited by SBTI and persists 
after precipitation at  pH 2 in 2 M NaCl, and 
a second on which these procedures have an 
opposite effect. 

Several findings indicate that the apparent 
separation of total activity into 2 compon- 
ents reflects inhibition of separate materials 
rather than incomplete inhibition of a single 
substance. These include the close agreement 
between the values obtained utilizing 2 inhi- 
bition procedures, the wide range of ratios 
between them, and differences in heat stabil- 
ity. 

Ablondi et a2. ( 1 )  have shown that the ap- 
parently independent variations of SK-in- 
duced esterase activity toward different sub- 
strates( 10)  reflected differences in the solu- 
bility of the enzyme at the pH of the reaction 
mixtures utilized, rather than the presence of 
2 individual proesterases. The findings of the 
present study cannot be explained on this 
basis for several reasons. In each determina- 
tion the activity was measured in a reaction 
mixture of the same composition and pH. 
Furthermore, there was close agreement be- 
tween values obtained utilizing separate in- 
hibition procedures and varying concentra- 
tions of SBTI. 

When SK reacts with preparations of hu- 
man plasma containing plasminogen, 2 known 
enzymes, plasmin and the SK-plasminogen- 
(or plasmin ( 1 1 ) ) activator complex, are pro- 
duced. It has been demonstrated that plas- 
min possesses lysineesterase activity which is 
inhibited by SBTI and resistant to precipita- 
tion at pH 2(9 ,10 ) ,  while the SK-plasmino- 
gen activator complex activity is affected in 
an opposite manner by these procedures ( 10, 
12 ) .  In previous studies utilizing more 
highly purified plasminogen preparations ( 1 - 
4), the constant ratio between these activities 
has been invoked as evidence that all enzy- 
matic activity induced by SK results from 
SK-plasminogen interaction. In the present 
study, however, a wide range of ratios be- 
tween the activities with each of these prop- 
erties as well as different heat lability was 
demonstrated. These findings suggest that 
this activity results from the presence of 
more than one proesterase in human euglobu- 
lin. Since activity toward only the synthetic 
substrate lysinemethylester was determined, 
the relationship between such a proesterase 
and the fibrinolytic, proteolytic, or activator 
activity produced by SK is not determined. 

Summary. SK-induced lysinemethylester- 
ase activity of human euglobulin has been de- 
termined in 70 subjects. Two components of 
this activity have been defined, one inhibited 
by SBTI and resistant to precipitation a t  
pH 2 in 2 M NaCl, and the other affected in 
an opposite manner by these procedures. A 
wide range of ratios between them and their 
different heat lability has been demonstrated, 
suggesting that they result from the inter- 
action between SK and more than one sub- 
stance. 

The authors are indebted to Dr. Daniel Kline for 
advice and criticism and t~ Dr. Thomas P. Almy for 
assistance in preparation of the manuscript. The 
technical contribution of Miss Irene Slotkin is also 
gratefully acknowledged. 
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The Human Tumor-Egg Host System 11. Discovery and Properties of a 
New Antitumor Agent, Hadacidin." (27356) 
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(Introduced by Karl Folkers) 
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Dagg et aZ.( I ) and Harris( 2,3) have de- 
scribed the use of transplantable human tu- 
mors growing in embryonated eggs for che- 
motherapy studies. We have used the human 
tumor-egg host system to screen for new anti- 
tumor agents. Employing this system, we 
were successful in discovering a new antitu- 
mor agent, N-formyl hydroxyaminoacetic 
acid, designated hadacidin. Its isolation, 
structure determination, and synthesis are 
described (4).  

Methods. The procedures of transplanta- 
tion of tumors and testing of agents are based 
upon those described by Harris(3). Tumor 
implants were placed on the chorioallantoic 
membranes of 9-day embryonated eggs. The 
eggs were incubated 3 to 4 days, and those 
showing positive "takes" were selected for 
therapy. Test agents were injected into the 
yolk sac. Seven days after injection, the eggs 
were harvested and tumors and embryos from 
treated and control groups were weighed. 

Results were expressed as follows. Ten 
eggs were sacrificed a t  time of injection to de- 
termine mean weight of the tumor. The value 
obtained was subtracted from the mean 
weight of treated and control tumors a t  time 
of harvest. Thus, the actual increase in 
weight of the tumors during the treatment pe- 
riod was determined. The per cent growth 
retardation (100 - T/C X 100) compares 

*This investigation was supported in part by the 
Cancer Chemotherapy National Service Center, Nat. 
Cancer Inst., N.I.H. 

the increase in weight of treated tumors with 
the increase in weight of control tumors. The 
per cent growth retardation for embryos was 
determined in a similar manner. 

Primary screening was against the human 
adenocarcinoma, HAD #1(5) .  Additional 
tests were made against the human epider- 
moid carcinoma, HEP #3(6) and the human 
bronchogenic carcinoma, A-42 ( 7 )  .t 

Microorganisms isolated from various habi- 
tats were grown in 250 ml Erlenmeyer flasks 
containing 50 ml of medium of the following 
composition: glucose, 4% ; corn steep liquor, 
1 % ; Edaminet (enzymatic digest of casein), 
2cJ( ; distilled water to voIume. The pH was 
adjusted to 6.8 with NaOH prior to steriliza- 
tion. The flasks were incubated at 28°C on 
a rotary shaker moving at  220 rpm. 

After 6 days' incubation, the fermentation 
broths were clarified by admixing with Super- 
CelO and filtering through a Buchner funnel. 
The clarified filtrates were sterilized by pas- 
sage through Selas 03 filters11 prior to testing. 
When necessary, dilutions were made with 
Earle's Balanced Salt Solution (ES) which 
was also used as diluent for water-soluble 
solids. One ml of filtrate or appropriate di- 
lution was injected per egg. The control 
~ ~~~~ 

t All tumors carried in our laboratory were ob- 
tained initially through the generosity of Dr. John 
Harris, Sloan-Kettering Institute, New York. 

Sheffield Chemical Co., Inc., Norwich, N.  Y. 
5 Johns-Manville, New York. 
11 Selas Filter Corp. of America, Dresher, Pa. 


